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A STUDY OF OIL-TREATED ROADS IN 
COLORADO AND WYOMING 


BY THE DIVISION OF TESTS, U.S. BUREAU OF PUBLIC ROADS 


Reported by C. A. CARPENTER, Assistant Ci 


N JULY 1933 an inspection was made of approxi- 
mately 150 miles of oil-processed roads in northern 


Colorado and southeastern Wyoming. Parts of 


US 30, 40, 85, and 285, and Colorado 7 and 14 were 
included in the survey. The locations and mileages 


of the projects studied and the number of samples 
tuken are given in the following tabulation: 


Num 
M ber 
Route Location , : * 
i pole 
rado7 Boulder, Colo 4 f 
rado 14 Fort Collins, Colo., to Ault, Colo 1s 
0 Cheyenne, Wyo., east ; 
tO N.. Berthoud Pass, Colo -) 
38 Ault, Colo., to Cheyenne, Wyo , 42 
JS Fort Collins, Colo., to Laramie, Wyo 63 2 
Total () $2 
rvey covered port treets surfaced wit! l-processed grave 





tion of Boulder » 000 


STUDY MADE TO RELATE CHARACTERISTICS OF MIX TO 
PERFORMANCE IN SERVICE 

The study was made to obtain data concerning the 
range in densities and in percentages of voids in traflic- 
compaeted oil-mix surfaces which had been in service. 
In was also desired to determine, if possible, whether 
the percentage of voids in the mixtures in service has 
any definite bearing on their stability and durability. 

\ll of the surfaces inspected were of the dense-graded 
mixed-oil-treatment type and were, in most cases, con- 
structed on gravel or crushed-stone base courses. 

In conducting the survey, each section of highway 
selected for study was first traversed by automobile to 
get a general idea of its condition and to decide upon 
locations for sampling. Points for sampling were lo- 
cated at failed areas and at adjacent areas in good con- 
dition in order that comparative studies might be made 
of cood and bad areas in individual projects. Failed 
areas varied from a few square yards to occasional sec- 
tions the full width of the pavement and a few hundred 
lect in length but were usually comparatively small. 

i the 150 miles of highway inspected there were only 
three cases where marked failure had occurred over an 
extended portion of a project. One of these was a sec- 
tion about a mile in length on U S 85 approximately 33 
miles south of Cheyenne, where the surface, although 
having good riding qualities, appeared excessively rich 
and Was very rubbery and unstable. Another was a 
\'-mile section on U S$ 285 in and adjacent to the village 
ol Laporte, Colo., where the surface was constructed on 
a fill composed largely of clay. The fill crosses a low, 
Wet area where the old gravel road had always been 
subject to frost heaving in spring. The new fill is wet | 
and a considerable amount of plastic clay was found in | 
a layer between the base and the bituminous surface. 
: his section of surfacing had been scarified and relaid a 
days prior to the inspection and was already crack- 

S, rutting, and shoving when the inspection was made. 
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A Smootu Ripinc Surrace BETWEEN 


Fort CoLuINs AND 
LARAMIE TYPICAL OF MosT OF THE 


SuRFACES INSPECTED. 


The third example of extensive failure noted was the 
oiled portion of the Berthoud Pass Road on the west 
side of the Pass. This section extends from the town of 
Frasier, Colo., eastward about 10 miles toward the 
Pass. About one-third of it is built across mountain 
meadows which are irrigated by flooding several times 
each summer. Frequent rains during the summer, 
heavy snow during the winter, and slush ice in the 
spring have added to the difficulties of building and 
maintaining the oil-mixed surface. Virtually the entire 
length of this 10-mile section was cracked extensively. 
The condition varied from a network of hair cracks on 
some portions to extensive ‘‘alligator’’ cracking and 
shoving on others. Where shoving had occurred the 
oiled surfacing had separated from the base and the 
appearance of the underside of the mat indicated that 
considerable slippage of the mat on the base had oc- 
curred. At each of the test holes on this section the 
base was wet and a layer of plastic clay was found 
between the base course and the surface mixture. 

The west 2.6 miles of this project represented by 
samples 40, 41, and 42 and the easterly 3 miles had 
been surfaced about a year at the time of the inspection. 
The central portion of approximately 4 miles was com- 
pleted just prior to the inspection. Several short sec- 
tions of the year-old surface had been scarified and 
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Se - * 
z _ Route or local identi- Location Age, 
. fication : ies years 
Type 


1 | Boulder, Colo., West | 150 feet from west end 3 | Clay gravel 





Pear] St of project 
2 do-_.- ...--| 500 feet east of no. 1 § | Silty sand gravel 
3 do 1,500 feet from west end 3 | Clay gravel 
of project. 
; os Same as no. 3 at center 3 »6Sand gravel 
5 | Boulder, Colo., North | 100 feet south of North 3 Grey clay 
12th St. St. intersection 
( ee , Same as no. 5 but in 1 Sand gravel 
center of street 
7 US 85, Colorado 14 miles south of Chey- 4 Whitesand, some clay 
enne 
8 _ 15 miles south of Chey- $ io 
enne 
Q do_. . do. 4 do 
10 |.. do 21 miles south of Chey- § |) Sand clay 
enne 
11 do ‘ 33 miles south of Chey- 3 | Sand gravel 
enne 
12 do = ; 32 miles south of Chey 3 do 
enne 
13 Fi ain iste .| 26 miles south of Chey- 4 do 
enne 
14 oo 4 miles east of Fort Col- l do 
lins 
15 a 13 miles east of Fort l Silt loam 
Collins 
16 U S30, Wyoming-....' 3 miles east of Chey- 4 | Sand grave 
enne 
17 US 285, Wyoming 15 miles south of Lara- 1| Cru red lime- 
mie 
1s do 17 miles south of Lara- l 
mie 
19 do 21 miles south of Lara- 1 | Red clay gravel 
mie 
20 do do l do 
21. U S 285, Colorado 27 miles south of Lara- 1 | Sand grave 
mie 
22 do 34 miles south of Lara- l do 
mie 
2 |.. do 38 miles south of Lara- 1 1o 
mie 
24 |.....do 39 miles south of Lara- l do 
mie 
_ ae = 41 miles South of Lara- } | Clay gravel, chunks 
mie of clay. 
26 |.. do . do ; § | Sand gravel 
7 _.do 43 miles south of Lara- $ | Sand clay 
mie 
2 \..<..@0.. 46 miles south of Lara- 4 | Clay gravel 
mie 
29 .do-- ..do {= do 
1 i ae 49 miles south of Lara- $ Sea 
mie 
31 _do_- do $ do s 
32 aS ee do 4 do 
33 _.do . do “ j do 
aa 50 miles south of Lara- 4 Sand gravel 
mie 
cj) _ _—— ae ‘ 58 miles south of Lara- 2 | Silty gravel 
mie. 
ee ee iowa : do 2 do 
 ) Se ; 64 miles south of Lara- 2 | Silt, sand, some gravel 
mie 
38 |.....do ..do 2 Silt, sand, clay, gyp- 
sum 
ss ...do r 2 do 
40 | US 40 N., Colorado 16 mile east of Frasier 1 Sand gravel, decom- 
posed granite 
= s 1 mile east of Frasier 1 | Clay 
9 |.....40 214 miles east of Frasier 1 | Decomposed granite 


relaid a few days prior to the inspection. These re- 

worked portions showed a general tendency to develop 

cracks as soon as traffic had recompacted them. In 

general, the mixture on the entire project was rubbery 

and unstable and appeared to be excessively rich. 

LIQUID CONTENT, TYPE OF FILLER AND DRAINAGE CONDITIONS 
APPEAR TO AFFECT SERVICE QUALITY 


In addition to the three cases of extensive failure, 
which totaled approximately 12% of the 150 miles of 
surfacing observed, there were numerous instances of 
local failure due to clay spots in the base, seepage 
of water, and local areas deficient in oil binder. Many 
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Base 
Conditior Moisture treat 
Weillcom, acted Dan p 284; No 
do Dry l i 
do Moist » lo 
Somewhat loose.) Damp 
Well compacted do 
de 2 
de Ay ed 
lo 
lo Moist { i 
do Dr} Non 
! M 2 
| Db 
di { \ 
d { r 
1¢ 
Somewha n \ { 
di ! ‘ 1 
Wellcompacted . Dry ( 
Soft Wet 
Medium on Dry 2 \ 
pactior 
Well compacted it 
do cd 
Well compacted | } Applic 
hard 
Well compacted.) Moist 24,| N 
do Damy Ps 
do Moist ‘ 
Loosely com- | Wet 9 
pacted 
Well compacted_| Dry 24 lo 
. do do 
do j : j 
do Damy 2 lo 
do Dry | 
| Damy 2 1 
lo Dr 1 
lo Dam 1 
1 Dry { 
i Dam] 4 io 
ic Moist \4 } 
io We 9 do 
Plastic do 4 do 
Well compacted do 2 do 


Vol 
raBLe 1. 
Surfacing 
Characte 
rough ible, fir 
Stable and firm 
Unstable and yielding 
Stable and firm. 
Unstable, vielding 
Stable, firm 
Fir but crumibie 
] \ en \ 
Stable i firn 
j 
d 
1 } 
I ble 
Stable igh, well t 
Only lerate 
Ur ‘ eld 
~ it le t 
ea 
Extre 1 
1 dst 
lk 
Stable if t t 
Ur t vi vield 
Fair stable bu ‘ 
t led 
Stable but ne ve 
Stable and tou 
Ur ble and rubber 
Unstable a p 
iv spo 
Stable and firm 
Stable, tough, firn 
Soft and plastic 
Stable and firn 
Stable, firm, well bonded 


Stable, hard, toug! 


sf 


ightly unstable and rut 
bery 
ible, firm, tough 


Unstable, poorly bonded 


st 


st 


ible in place but ha 
bond 
ible, firm, well bonded 


Unstable, spongy 


lo 


nstable, plastic 
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Re sults 


of these small local failures were not detrimental to the 


riding qualities of the road. 


The bulk specific gravity or density of the comp: ted 
surface was determined in the field at all locations 
where samples were taken. For this purpose a special 
portable balance, sampling equipment, and a tank 0! 
water for immersing specimens were carried in the car 
The balance was designed especially for the purpose. 
It was constructed with a demountable beam and was 


accurate to one-tenth gram. 


samples taken for gravity determinations, sa 
were taken from each test hole, sealed in metal b: 
and shipped to the Arlington laboratory for { 
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of field observations 





Riding qualit | lence of failure ‘ . 
I ellent None Fine grained ose 
10 1 Fla saric Wa ‘ ear, gravel added 
; f, 
' 1 Alligator crack lamination Fine gr ed, « t ~ | riy feet wide 20 fe il 
e 
I eller No \ fr r of street opposite 
I Fir lamination badly Ric . Re I raffic lane 
i | Ro I I ean appearance 
1 Seal ha kedup. I ed S I t npaired rid ju t 
i None I I le irface 
I “t ) e, raveling extensive I ! t 
t None I \ he pened 
} \ it k rT { I evel plete f re 
elle = t l e I ‘ \ é 
> wrugated and la ted I \ ! ik 
=~ 
elie n I . v hee ine I | t it l 
‘ I \ 
I t ict 
“ea . € | \ I ( max im 
t N é l é ¢ r Base 
I Seal w ered W 
tl oe rface ‘ t I \\ S € i wit ra 
1 te 
None N t rene 
I t | 
t ‘ kK ‘ k 1e 
Marks badly and racked Fir f B ( r mor No corru 
\ I ick ited I I I iref 1inte ‘ 
None [ 8 a 
" 
Badly ! ed i ited ppae I t et t 0 fee ear crest 
pPiane base 
None I I} k ql { ‘ } from s 
t witt I year 
| 5 Not ¢ (x f 0 
l ninated how yrile lippage « lake 1 ¢ 
base 
None s k " 
Corrugated ed I r 
Kaveled i Harst H x hee € 
None rt é 0 fee f no. 3 
he Rough I rt rol yn out of about 1% miles bu on clay 
I t lec 
Alligator cracks and slippage on base Flat mosaic Fr 0 fee with ofsample no. 37 
Corrugated, rutted, alligator cracked, Rich, glossy € I ice require nst t ntenance. Sampled 5 davs after 
laminated, slipped ‘ it 
Extensive fine cracking Some mosaic, fine graine ¢ B t ‘ | eal very d 
Material badly shoved, laminated Fine grained, closed ) 
Extensive cracks, slippage Primed por f base t ed to surface All slips on unpene- 


‘ Notes were kept on the type and condition of the 


‘ise, drainage, and any visible peculiarities of the sub- 
erade and appearance and condition of the surfacing 
mixture. As much information as could be obtained 
In the limited time available as to construction details 
— date of construction was included in the field notes. 
Table 1 is a summary of the field data on the surfaces 
represented by the 42 samples collected. 

In the laboratory the samples were tested for specific 
gravity of the constituents of the mixture, water and 
oil contents, grading and type of aggregate, and type 
of filler. Portions of the samples passing the no. 8 


sieve were tested for Hubbard-Field stability with the 
water content as received and also with the water re- 
moved by drying for 3 hours at 212° F. Two Hubbard- 
Field specimens of the water-free mortar from each 
sample were tested for swell in water over a period of 
9 days. 


The percentages of air and water voids in the com- 
pacted road surfaces were computed from the specific 
gravities as determined in the field and the specific 
gravities of the constituents as determined in the 
laboratory. Table 2 gives the results of laboratory 
tests on the 42 samples. 
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The percentages of bituminous material required for 


the various gradings were calculated by the Stanton | 


(Calif.) formula,' the California surface area method, 
the Wyoming formula,’ and the McKesson-Frickstad 
formula.‘ The results of these calculations are com- 
pared with the oil contents of the mixtures as deter- 
mined by extraction in table 3. Some of the data from 
tables 1 and 2 are repeated in table 3 for convenience in 
making comparisons. 

It will be noted that the percentages of oil calculated 
by the Stanton formula are in close agreement with the 
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as oil and water content, type of filler, type and condi- 
tion of the base and subgrade drainage are of primary 
importance. 


EVIDENCE OF FAILURE NOTED IN MOST SURFACES HAVING HIGH 
LIQUID CONTENT 


The sections of surfacing represented by the first 15 
samples listed in table 3 and designated as group 1 
showed evidence of failure of the type usually found in 
unstable mixtures containing excessive quantities of 
liquid binder, namely, shoving, corrugating, and 


€ 
hea 


GENERAL VIEW AND DETAIL oF A SURFACE OF Group 1 Wuicn Was Hiauity UnstasteE Due to A High ComBINED OI AND 
WaTER CONTENT. AGE 


ON THIS SURFACE. 


mean percentages given by the surface area method. 
The Wyoming formula indicates considerably higher 
percentages, agreeing closely with the maximum per- 
centages given by the surface area method. The Me- 
Kesson-Frickstad formula indicates lower percentages 
and agrees closely with the minimum percentages given 
by the surface area method. The average spread be- 
tween the maximum and minimum as given by the 
surface area method is 1.4 percent. 

Analysis of the dats presented in table 3 indicates 
that the void content of a compacted mixture has rela- 
tively little bearing on its behavior and that such factors 


P=0.02a+0.0456+0.18c. 
Where P= percentage of oil in mix by weight. 
a= percentage of aggregate retained on no. 10 sieve. 
b=percentage of aggregate passing no. 10 and retained on no. 200 sieve. 
: c= percentage of aggregate passing no. 200 sieve. 
For coarse mixtures (50 percent or less passing 44-inch screen) increase coefficient of 
pp For fine mixtures (100 percent passing 44-inch screen) reduce coefficient 
OU.10. 


Amount of oil determined from surface area constants of the different fractions of 

) eregate. Method of application described in Pacific Constructor for June 1, 1932. | 
: P = 1.4(0.015a+0.03b+0.17¢). Symbols the same as in note 1. | 
P=0.015a+0.036+9.17¢, Symbols the same as in note 1. | 


APPROXIMATELY ONE YEAR AT TIME 


or INspEcTION. Note Tire Marks anp Foor Tracks 


rutting. 


Ten of them also showed extensive ‘alligator’ 
cracking. 


The combined percentage of water and oil 
in these was, in all but one case (sample no. 14), con- 
siderably greater than the percentage of oil required 
by the Stanton formula, and all but three contained 
more total liquid than the percentage of oil required by 
the Wyoming formula. Considering oil alone, ail but 
three of these mixtures contained less oil than is re- 
quired by the Stanton formula. Nine of the 15 sam- 
ples contained more than 2 percent water, the average 
water content for the 15 samples being 1.9 percent. 
These facts seem definitely to associate high liquid 
content with lack of stability. There are indications 
that high liquid content causes instability regardless 
of whether the liquid is principally oil or oil and water 
in various proportions. 

The next 20 samples listed in table 3 and designated 
as group 2 are from sections which showed no visible 
evidence of failure. All but six of these contained less 
total liquid (oil and water) than the percentage of oil 
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TyprcaAL Oir-Mix Surraces Wuicw Have Given EXxceLLeNT Servick. THe Mix SHOWN ON THE LEFT Was RICH AND 
UNSTABLE THE First YEAR AND Was REMIXED WITH ADDITIONAL GRAVEI Ir Was TuHrEE YEARS OLD AT THE TIME OF 
INspEcTION. THE ONE ON THE RiGut Hap REcEIVED No MAINTENANCE OF ANY KIND Since Its Construction Four YEARS 
PRIOR TO THE INSPECTION 


l'yprcaL EXAMPLES or RAVELING oF Group 3 SurFaces Havine a Low Ort Content AnD No SEAL Coat or SURFACE 
TREATMENT TO PREVENT Loss oF AGGREGATE 
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Group 3 SurFACE REPRESENTED BY SAMPLE 9. 
Low 1N Ort ContTENT AND Hap BEEN SEALED TO PREVENT 
RAvELING. PicturE SHows Locat AREA WHERE SEAL 
Hap PEELED AND RAVELING FOLLOWED. SEALED PORTION 


REPRESENTED BY SAMPLE 8 WAS IN EXCELLENT CONDITION. 


Mixture Was 


required by the Stanton formula. .Only two contained 
as much total liquid as the percentage of oil required 
by the Wyoming formula. Considering oil content 
alone all but six samples were fairly close to the min- 
imum content required by the surface area method, the 
six exceptions having from 1 to 1.9 percent less oil than 
would be required by this minimum. Sample no. 8, 
which had 1.9 percent less oil than the minimum by 
the surface area method, contained only 2 percent oll 
but the section represented by it had been given a seal 
treatment. This surface was in good condition except 
for a few small areas such as that represented by sample 
9 and illustrated above, where the seal coat had peeled 


off allowing the mixture to ravel. None of the 20 
mixtures contained as much as 2 percent water. The 


average water content was 1.1 percent. 

These data indicate that stability and durability of 
the surface under traffic are definitely associated with 
comparatively low oil content and water content below 
2 percent. Considering all the mixtures sampled, evi- 


dence of failure was noted in all but five instances where | 


the total liquid content (oil and water) was greater than 
the oil requirement as calculated by the Stanton formula. 
In four of these exceptional cases the liquid content was 
only slightly greater than the percentage given by the 
formula. Not a single example of satisfac tory service 
behavior was noted where the water content in the 
surface was as high as 2 percent. 

The last seven samples listed in table 


adequate stability, showed raveling because of poor 
bond. These mixtures, without exception, contained 
less total liquid than the percentage of oil required by 
the Stanton formula. Their total liquid contents are 
in very close agreement with the oil requirements of the 
McKesson-Frickstad formula and also with the mini- 


as group 3 | 
are from sections of pavement which, sithourk having | 





PUBLIC ROADS Vol. 15, No. 6 





Group 1 SurFracE REPRESENTED BY SAMPLE 5 Tre Base 
Was Moist CuLay-GRAVEL. SURFACE SMOOTH AND FIRM 
BuT Bapty CRACKED 


mum percentages required by the surface area formula 
but, considering oil alone, they are all deficient in oil 
content as indicated by the formulas. The deficiency 
ranges from 0.3 to 1.4 percent and averages 0.9 percent 
on the basis of the minimum requirement by the surface 
area formula. Their water contents varied from 0.3 to 
1.4 percent. The average water content was 0.9 percent. 
LABORATORY STABILITY TESTS ON MORTAR SPECIMENS APPEAR 
TO INDICATE STABILITY OF MIXTURES IN SERVICE 


Raveling and loss of surfacing material caused by 
poor bond are shown to be associated with lack of oil. 
The average water content of the seven lean mixtures 
was distinctly lower than that of the first group and 
slightly below that for the second group. 

Although the unstable group has a slightly lower 
average void content than had the two stable groups, 
study of the data obtained on these surfaces indicates 
that there is little definite relation between the per- 
centage of voids in the compacted mixtures and the 
service behavior of the pavement. In the case of the 
sections showing failure because of lack of stability the 
percentage of air-filled voids ranges from 0 to 3.5, with 
an average of 1.3. For the mixtures showing no evi- 
dence of failure the air-filled voids range from 0.5 to 
9.2 percent with an average of 4.2. Tne mixtures show- 
ing failure caused by raveling had air-filled voids rang- 
ing from 2.3 to 11.2 percent and averaged 6 percent 
These figures are all based on the percentage of air- 
filled voids in a given mixture. Any water present is 
considered as a part of the mixture. 

Assuming all water to be evaporated from samples 
leaving additional air voids, the percentages of voids 
would be appreciably higher but there would still b: 
no significant differences between groups. Considerin: 
group averages only, the voids increase by increment: 
of approximately 1 percent from group to group but 


g 
the range of voids is so great within each group tha 
each group overlaps the others. The 15 mixture 
failing on account of instability have voids (air an 
water filled) ranging from 2.5 to 9.3 percent with an 
average of 5.7. Those showing no failure have void 
ranging from 3.3 to 10.8 percent and average 6.° 


Those “showing failure caused by 


raveling have voids 
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TypicaAL EXamMpLes oF FarturE Causep By HiGcH Moisture CONTENTS IN THE MIXTURES THESE Grovp 1 


SURFACES 
ARE Two ano THREE YEARS OLD 


between 5.5 and 12.4 percent with an average of 8.2 
percent. These percentages are given in table 3 under 
the heading ‘‘ Air and water-filled voids.” 

The Hubbard-Field stabilities of the mortars (oil 
coated material passing the no. 8 sieve) appear to have 
i general relation to the service stabilities of the mix- 
tures. Although there is considerable variation in 
mortar stabilities within each group, the group averages 
show a tendency toward low mortar stabilities for the 
mixtures which failed because of excess oil or oil and 
water combined. Although the stability of mortar 
from the unstable mixtures with field water content is 
low, when the test is made on water-free specimens 
the stabilities are almost as high as the average for the 
other two groups. There is no appreciable difference in 
the average stabilities of either wet or water-free mor- 
tars representing the sound surfaces and the raveled 
surfaces. The average increase in mortar stability 
caused by the drying of the mortar is much less for 
sroups 2 and 3 than for the unstable group 1. 

The average stabilities by groups and the maximum 
and minimum stabilities by groups are summarized 
below. 

Hubbard-Field stabilities of the mortar 


Passing no. 8 sieve] 


With water content as | With water removed by 
received drying 


Mini- | Aver- | Maxi- | Mini- Aver- | Max - 





mum age mum mum age mum 
up 1 (failed because of in- 
tability) - ee 475 1, 535 2, 525 1, 050 2, 560 3, 750 
roup 2 (satisfactory ‘service 925 2, 295 3, 625 1, 500 2, 695 4, 850 . . a 
Group 3 (failed through raveling).| 1,175 | 2,180/ 3,125) 1,500 2,605 4.300; AN O1Lt-Mix Surrace in Bov.tper, CoLto. Surrace Has 


= 7 Brie - CARRIED THROUGH TRAFFIC FOR THREE YEARS AND Is IN 
’ EXCELLENT CoNDITION ExcrEepT FOR OccCASIONAL SMALL 
Che relations pam n above indicate that the stability CRACKED AREAS. 

of the mortar is appreciably reduced by the presence of 

Water in the amounts found in these samples. It seems 

reasonable to conclude, from the behavior of the sec- 

tions studied, that the stability of the surface is to some 


extent influenc ‘ed by the stability of the mortar. 
76178—34 2 


The soil analyses of the mineral aggregates extracted 
from these samples indicate that all the filler materials 
used were comparatively low in clay content. The 
maximum percentage of clay in any of the samples, 








146 


based on the material passing the no. 40 sieve, was 23 
percent (table 3) and the average for all samples was 
15.4 percent. 


FILLERS HAVING HIGH VOLUME CHANGE UNDESIRABLE 


It was not possible to obtain sufficient filler from the 
samples to make other soil tests. However, swell meas- 
urements were made on molded specimens of the portion 
of the original mixtures passing the no. 8 sieve. After 
sieving, the mortar was oven-dried at 100° C. to remove 
any water present, then molded into Hubbard-Field 
specimens and immersed in water for 9 days. Vertical 
swell was measured with an Ames dial gage at 1, 3, and 
6 hours and at 1, 2, 3,7, and 9 days. The percentages 
of swell of these specimens are given in table 3 

Swell of such specimeis in excess of about 2's percent 
at 9 days may be considered to indicate inferior or ques- 
tionable filler material. At 3 days, 2 percent swell may 
be considered the critical value. The figures given in 
table 3 are based on the results at 9 days. 

Results of the swell tests do not indicate that inferior 
filler contributed to the failure of the mixtures in group 
1, with the possible exception of those represented by 
samples 13, 20, 28, 32, and 39. In addition to having 
high percentages of swell, the mortar specimens from 
these five samples developed more or less cracking and 
disintegration during immersion. It is interesting to 
note that of the 15 mixtures in this unstable croup, those 
containing fillers with high volume change and a tend- 
ency to disintegrate during immersion had, in general, 
the highest water contents regardless of whether the 
base course was wet, moist, or merely damp. The same 
relation is also noticeable to some degree in the other 
two groups and leads to the conclusion that fillers which 
have high volume change and show disintegration or 
slaking tend to retain moisture in the mix, once it has 
entered the surfacing. In the case of mixtures which 
are susceptible to loss of stability when wet, this tend- 
ency apparently prolongs the period of surface insta- 
bility for some time after the base has dried. 

In the swell test on the mortars of group 2, about half 
the materials showed considerable swell, and six 
developed cracking and disintegration during immer- 
sion. With only one exception, however, the surfaces 
from which these samples were taken were on dry or 
only slighlty damp bases, and the mixtures, without 
exception, contained only small amounts of moisture. 
This probably accounts for the fact that the surfaces 
represented were not affected by the questionable 
quality of the filler material. 

Three of the mortars from the group 3 samples showed 
considerable volume change and two of them developed 
cracking and disintegration during immersion. Two of 
these were from surfaces which had dry bases and the 


other was from a surface having a moist base. All 


three mixtures had very low water contents and for this 
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reason the raveling of these surfaces in service is not 
believed to have any connection with the type of filler 
used. 

CONCLUSIONS 


The results of the observations and tests are briefly 
summarized as follows: 

1. Instability of the oil-processed surfaces was caused 
by high liquid content. In some cases this high liquid 
content was made up principally of bituminous material 
with 1 percent or less of water but in 9 of the 15 cases of 
failure caused by instability, the mixtures contained 
water in excess of 2 percent. No mixtures in which 
the water content was 2 percent or more were found to 
give satisfactory service. 

The mixtures which, after a year or more of service, 
pensiueend percentages of bituminous material agreeing 
roughly with the minimum requirements of the Cali- 
fornia surface area formula, were sufficiently rich to 
prevent loss of aggregate by raveling. In order to ac- 
count for normal losses during early service, it is assumed 
that the mixtures were somewhat richer when laid and 
for this reason it is believed that either the Stanton 
formula or the mean surface area formula is approxi- 
mately correct for designing mixtures containing close- 
eraded aggregate. 

The mixtures which showed evidence of failure 
caused by raveling contained less oil than would be 
required by any formula now in use. These mixtures, 
however, were in no case lacking in stability and it is 
believed that surface treatment would give them satis- 
fac as wearing qualities. 

Clay spots and areas in the bases containing exces- 
sive proportions of clay were found to be the cause of 
numerous small local failures. 

5. In several cases where a high moisture content was 
found in a mixture on a comparatively dry base, the 
filler material was found to have a tendency to swell and 
disintegrate in the swell test, thus indicating a re we ely 
high colloidal content. - Colloidal contents are believed 
to have been responsible for the retention of water in 
mixtures containing them. 

6. Hubbard-Field stabilities of the mortars from the 
unstable mixtures were noticeably low when the mortars 
were tested with water contents as received. The 
stabilities were raised to very nearly the same values as 
those for the stable mixtures after the water had been 
dried out. This is interpreted to indicate that wate! 
destroyed the stability of these mixtures by reducing the 
stability of their mortars. 

The relation between the percentage of voids in « 
mix and the service behavior of the surface is so in 
definite for any one group of samples and the variatior 
in voids between groups is so slight as to supply ni 
basis for conclusions as to the effect of voids, or fo 
designing oil-aggregate mixtures on the basis of voi 
contents. 











POWER-SHOVEL OPERATION IN 
HIGHWAY GRADING 


BY THE DIVISION OF MANAGEMENT, BUREAU OI 


Reported by T. WARREN ALLEN, Chief, Division of Management 


PART 1.—THE OPERATING CYCLE 
HE DAILY COST of operating a power-shovel 
grading outfit is very nearly fixed for anv given 
set of conditions, regardless of whether the out- 

put is high or low. The most effective way, therefore, 
for a contractor to reduce his unit costs is to increase 
his rate of production. Some of the more important 
factors controlling rates of production and attainment 
of efficient and economical 


AND FACTORS 


PUBLIC ROADS 
and ANDREW P. ANDERSON, Highway Engineer 
AFFECTING THE RATE OF PRODUCTION 


still better those conditions which are prerequisite to 
high rates of production. 

The shovel is the primary producer and all production 
is dependent on it. The shovel should be sturdy, 
powerful, dependable, fast, and easily operated. But 
no matter how good the shovel, a high grade of skill, 
intelligence, and endurance is required of the operator 





operation will be discussed 
in these articles. 


for a consistent high rate 
of production. 


HIGH DEGREE 
ATTAINABLE 
ERATION 


OF EFFICIENCY 
IN SHOVEL OP.- 


Efficient use of the power 
shovel in highway grading 
generally involves the 
proper coordination of at 
least three distinct opera- 
tions: (1) Digging and load- 
ing, (2) hauling and dump- 
ing, (3) spreading and com- 
pacting. The material, 
except where it can be cast, 
must be dug and loaded 
into the hauling units at 
or near the maximum rate 
of production which can 
be attained by the shovel 
in that particular material. 
The hauling units must be 
sufficient to carry the out- 
put of the shovel and must 
be operated with almost 
clocklike precision, so that 
the loads may be received, 
transported to the place 





When working in ordinary ‘‘common excava- 
tion’’ where the material dumps freely from the 
bucket and is 4 or more feet in depth, a good power 
shovel can be operated so as to load vehicles at 
the rate of four dipper loads per minute, provided 
the vehicles are so placed that the average boom 
swing does not exceed 90°. A _ highly skilled 
operator can attain this rate for intermittent 
periods throughout the day. To do so, it is neces- 
sary to load the dipper in about 5!/4 seconds, to 
swing and spot the dipper in about 4 seconds, to 
dump it in 1!/4 seconds, and then return the dipper 
to the loading point in about 4!/2 seconds. 

Many jobs have been found on which this rate 
has been maintained during intermittent periods 
of varying lengths under the conditions given 
above, and this may be taken, therefore, as about 
the maximum rate attainable with present-day 
power shovels under ordinarily favorable field 
conditions. Numerous jobs have been found on 
which the average rate of all-day shovel opera- 
tion, in good common excavation, was at the rate 
of three or more dipper loads per minute; and this 
may be accepted as a criterion of good operation 
under normally favorable field conditions. 








Efficient power-shovel 
operation, in the sense in- 
tended here, demands high 
production with a mini- 
mum use of labor and auxil- 
lary equipment. This re- 
quires the synchronization 
and coordination of all 
operations so that the en- 
tire organization functions 
as a unit. Absolute per- 
fection in all details is 
probably impossible. 
Nevertheless, extensive 
studies on a large number 
of projects operated under 
a great variety of condi- 
tions show conclusively 
that (1) a high degree of 
efficiency is possible of 
attainment, and (2) that, 
in general, the low pro- 
duction found on many 
projects is due to con- 


ditions over which the 
management has some 
control and which = are 

















of disposal and dumped, and the hauling units re- 
turned to the shovel without delay to individual units 
or interruption to the steady operation of the shovel. 
\t the fill or dump the material brought by the hauling 
units must be spread and compacted or otherwise 
cared for as may be required by specifications without 
interfering with the steady operation of hauling units. 

If the material is too hard to be dug effectively with 
ihe shovel, drilling and blasting are necessary. These 
operations also must be carried on efficiently and with- 
‘ut interfering with other work. 

Aside from the management, efficiency in power- 
hovel operation is largely dependent on the operator 
ind on the shovel itself. A first-class operator may be 
able to obtain fair production with a poor shovel, but a 
oor operator is a heavy handicap, even with the best 
equipment. It is hoped that the data assembled in 
these papers will help contractors to increase their 
present rates of shovel production and power-shovel 
tianufacturers to perfect their shovels so as to meet 


therefore to some extent remediable. 


CHARACTER OF MATERIAL AFFECTS SIZE OF DIPPER LOAD 

Under conditions to which each shovel size is 
adapted, shovels of all the sizes usually found in highway 
work can be operated at approximately the same cycle 
speed. In general, data for one size can be applied 
to any other size—at least within the range of shovels 
with capacities of from 5/8 to 2 cubic yards. In mak- 
ing such comparisons we must remember, however, to 
extend data only to similar working conditions for 
each of the respective shovel sizes. Rock which would 
class as well blasted for a 2-yard shovel might readily 
grade as poorly blasted for a smaller shovel. Well- 
blasted material should have very few pieces with any 
dimension much greater than about half the smallest 
inside dimension of the bucket. A large shovel may 
work readily in material which a small shovel could 
handle only with difficulty. 
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BASED ON 658 LOADINGS 
34-YARD SHOVEL 
AVERAGE TIME, 


16 WERE 
WORKING IN 2 
hace SECONDS 


Over 32 SECONDS 
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Output is the product of dipper loads and the averag 
yardage per load. A good operator can combine spee 
and high average quantity of material per dipper load 
In ordinary common excavation three or more feet it 
depth, the average dipper load in terms of cubic yard 
of material, as measured in place, may be expected t 
average about as shown in table 1 

In some materials which heap up in the dipper an 
do not spill on the swing, the average load will sometiny 
equal the rated capacity. In poorly blasted rock « 
shale or in materials full of roots and stumps, the ave 
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TABLE 1.—Average yardage per 


sizes 


dipper load for different dipper 


Size of dip- 
per (rated 
capacity 


Material per 
dipper load 


Cubic yards Cubie yards 


i 0.50 
Hs 

SS 

110 


age dipper load may be 40 percent less than the average 
for ordinary common excavation or about 0.3 cubic 
vard for a *4-vard dipper and 0.65 cubic vard for a 1!s- 
vard dipper. Figures 1 to 5 and tables 7, 9, 10 and 11 
are illustrative of the studies made, and show the rates 
at which dipper loads can be deposited in the hauling 
units with fast operation, and how a few operations 
increase the average time per cycle for the entire period 
As the material changes from good common to other 
classifications, the digging and loading become slowe1 
and there is greater difficulty in obtaining a full dipper 
During the studies on which these articles are based 
many determinations were made as to the number of 
dipper loads and the quantity of material moved unde 
various conditions. Quantities were usually deter- 
mined by careful cross-sectioning and are believed to 
include sufficient volume and variety to represent a 
fair average of the more usual conditions met with in 
highw uv grading work. Table 2 gives the results 
obtained on a considerable number of jobs and illus- 
trates how the size of the dipper load may vary from 
time to time and from job to job. The average dipper 
load of a so-called ‘*4;-vard dipper’’, having a capacity of 
approximately three-fourths of a cubic yard when struck 
in line with the top of the teeth and the top of the rear 
edge, may vary from 0.3 to 0.8 cubic yard, depending 
on the material and the skill of the operator. In fair 
to good common excavation with few roots and boul- 
ders, a good operator working under favorable conditions 
should move an average of 0.5 to 0.6 cubic yard per 
dipper load. In poorly blasted rock or shale, very 
rooty and stumpy soils, and in certain tough, moist 
clays, the average load may be only 0.3 to 0.35 cubic 
vard or even less in exceptional cases. The average 
dipper load is also likely to be low in shallow cuts. 
The same is true of materials which bulk considerably 
when broken up or which lack cohesion and will not 
heap up in the dipper. 
!IME OF LOADING GREATLY INCREASED IN DIFFICULT MATERIAL 
The material itself is responsible for much slow dig- 
ang. Cuts usually classed as common excavation but 
which contain many medium-sized or large rocks em- 
bedded in stiff clay are particularly troublesome. The 
hovel operator cannot see such rocks until they are 
exposed, and when the dipper strikes one it may be nec- 
essary to draw back and try again. Often two or three 
passes, sometimes more, are made before either a load 
of loose material is obtained or the position of the rock 
defined so that it can be picked up. 
_ Tables 3, 4, and 5 show the effect of the character of 
‘he material on the time required for filling the dipper. 
"he tables do not all show the quantities moved per 
(ipper load; but, in general, fast operation in good ma- 
terial is accompanied by large dipper loads. The size 
of the dipper load decreases with an increase in the diffi- 
culty of loading, and this decrease is at a somewhat 
luster rate than is indicated by the time factor. 
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Too Harp to Die Reapity WitTHout 
Ave 1ge size of} li ppe load inder arious 
Dipper 
{ t loads 
handled 
18 Number 
Ba) L tr fre roots and stones_. 147 
FF io 223 
4 do 
’4\ Light moist clay, with some shale 
34| Loan y, With 25 percent loose rock 
By d 
4| Sand-clay 
34 do 
34, Loamy to hard clay 
34| Loamy to sandy clay 
34| Loamy to clay. 
34 do re 
$4, Gneiss-granite, poorly blasted _- ‘ 
34 Wet, sticky clay, with a few stumps. -. 
34, Moist to wet sand-clay 
34| Sandstone, well blasted -- 
a4 do ‘ 
34. Moist clay, with a few small surface boulders - -- 
34, Very wet clay : , 
34| Wet clay, with small stumps 
34 Sandy gravel, with some hard chunks of shale 
%4 Dry loamy clay 
yi io ; 
7g Granite-gneiss, poorly blasted- 
34, Loamy clay, moist, with a few roots 
14 Sandstone, blasted 
lg, Dry clay, with a few boulders 
144, Dry clay, with surface boulders 
114) 70 percent large boulders and 30 percent dry clay--| 
1', 10 percent dry clay, 20 percent loose rock, 70 percent 
solid rock, blasted 
14; Wet sticky clay, with a few surface boulders 
144) 20 percent dry clay, with 80 percent sandstone, well 
blasted 
34 Sandy clay and clay loam, with some stone _ - : : 
34| 80 percent sandstone, poorly blasted, with 20 per- 78 
cent clay. 
ie “Se Oe Seer eat eases: 6, 646 
14) Mostly earth, with about 25 percent fair to poorly | 10, 254 
blasted granite. } 
14%| About 75 percent in poorly blasted granite ---| 4,485 
14! Mostly shallow earth cuts with many boulders, | 8,778 
some poorly blasted rock } 
14%! Mostly poorly blasted rock and shale - - | 39, 600 | 
LS ERS ee rece ‘ , | 29, 860 | 
144) Fairly well blasted rock and shale | 53, 740 
i Sea SI 
14%! Deep cuts of well blasted shale and sandstone - 78, 300 | 
ES = pecs acghee = 58, 000 
14%| Good common. - - nee 9, 110 
14%| Good common, fairly deep cuts 14, 800 
14 do : Z “4 
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Figures 1 to 7 show graphically the number of dipper 
loadings performed in different time intervals on dif- 
ferent jobs. 
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TABLE 3. Effect of character of material on time required to load 


and d i mp dippe 





lime 

; (yee r lime 

Character of materia 2 jer nee to load 

es Re pper 

NV) S is S 

Loam and light clay 722 1.0 2 
Do-_. ; | $ 
Loamy clay and soft shale 254 1.9 5.4 
Soft shale 300 ‘* 6.5 
Sandy clay 249 3. ( 7.4 
Moist clay 6 2.4 x. ( 

Light clay, wet and gummy. 73 tf s 
Clay and surface loam 692 ) 8.4 
Sandy clay, moist to wet 344 1.8 SA 

Well blasted sandstone with 20 percent light clay 229 l rf) 
Clay with a few boulders_-_- 445 2 10. ( 
Heavy clay, wet and gummy 27 5 10. 4 

Clay with some surface boulders 2, 892 8 10 
Loam with loose rock and loose shale 369 2.8 0. 5 
a Aceon 288 2.4 11.8 
© lay-gravel _- -- 5065 7 11.8 
Heavy clay, wet and sticky 83 6.0 12.0 
Seventy-five percent loose shale with 25 percent clay 579 3.2 12.4 
Heavy clay with a few boulders 101 2.0 12. 5 
Wet clay with some stumps 105 3. 2 12.8 
Loam with 30 percent loose rock 148 2. 1 13. 5 
Rock, well blasted _ - IS3 j 13.9 
Miviaeenes Pore AHO 4.2 15. 1 
Hard shale, well blasted 1, 434 2. € 16.4 
Gneiss, poorly blasted __- 550 10.7 18. 5 

Fifty percent loose rock with 50 percent unblasted shale 

rock... ; ; 38 28.0 


CONDITIONS JUSTIFYING MORE THAN ONE PASS OF DIPPER 
ANALYZED 


In general, operating speed should not be obtained 
at the sacrifice of size of dipper load. To sacrifice, say, 
10 percent of the dipper load to increase the number of 
dippers by 10 percent results in a loss of amount of 
material dug and it frequently results, also, in smaller 
loads for the hauling units. The value of making 
additional passes to obtain a larger dipper load is 
dependent on the amount of material which such passes 
will add to the dipper load and the speed at which the 
shovel is operating. If a *4-yard shovel is operating in 


fairly good common excavation in which the average 
dipper load is 0.5 cubic yard of material as measured 
in place, and the average operating cycle is 20 seconds, 
then production is at an average rate of 0.025 cubic 
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yard per second. If a second pass to fill an occasional 
dipper is to be profitable, it must increase the dipper 
load at least at this rate, during time required to make 
the extra pass. If 6 seconds are required to make an 


al or foie 
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extra pass it is not warranted unless 0.15 cubic 
can be added to the load. 

The less the time of loading the dipper 
with the time of the entire cycle, the greater is the 
importance of obtaining a full dipper. Consequently, 
it is more important to try for a full dipper when the 
swing is long than when it is short. 

The relation between size of dipper load, length of 
shovel eyele, and time required to make an additional 
pass with the dipper may be shown as follows: 

Let 


yard 


as compared 


(’— shovel cycle, in seconds, when only one pass 
is made with dipper. 

WW’ dipper load, in cubie yards, when only one 
pass is made with dipper. 

(J percentage by which dipper load is increased 
by each additional pass of the dipper. 

P= time, in seconds, required for making each 
additional pass with dipper. 


Then 
W orate of production when using only 
(’ one pass of the dipper. 
We+NQW rate of production when using 


and C+ XP passes. 
increase in the rate of operation 
that of using only one 


We XOW W oe 
CLXP 0 batsien 
pass. 

So long 
the dipper will result in increased production. 

For example, an operator working on a 20-second 
evele occasionally finds that the 14-yard dipper, with 
which he usually obtains 0.9 cubic yard per dipper load, 
is only about two-thirds filled by the first pass. He has 
found that it requires 6 seconds to make each additional 
Would it pay to make one or more additional 
passes to obtain the usual dipper load of 0.9 cubic yard? 
The solution is as follows: 

The load in the dipper from one pass is 0.6 cubic 
vard. To obtain 0.9 cubic yard an increase of 50 
ercent is necessary, and 20*0.50=10 seconds 
“ince each pass can be made in 6 seconds, a distinct 

un will be registered if the dipper can be filled to 
ormal in one additional pass, but a loss will result if 
vo passes are used to obtain the normal load. Since 

e evele is 20 seconds, and the time required to make 

e additional pass is 6 seconds, the additional pass 

il] a partial load can be increased by 


Pass 


| be justified if 
or 30 percent. 
lf the normal cycle were 25 seconds, then even two 
ditional passes at 6 seconds each to obtain the normal 
il would register a definite gain. Additional passes 
‘uld be advantageous so long as each pass increased 
« part-load by 24 percent. This discussion also 
uonstrates the greater importance of securing a full 
dipper load when the swing is long, as the lenger the 
ing the longer the operating cycle. Table 6 shows 
dings of the time required to make additional passes 
| the extent to which such extra passes may be 
: pected to increase the average loading time for the 
( per. 


several instances have been observed in which con- 
ictors in an effort to ine rease the yardage per dipper 
load have replaced regular %-yard dippers with 14-yard 
dippers. This proved a decided handicap to produc- 
tion, except in extremely soft and easy digging, as 
the power of the shovel was insufficient to force the 
large dipper through the material at normal loading 
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as CQ is greater than P, additional passes of 
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speed. In addition to decreased normal production, 
time losses due to breakage and repairs were high. <A 
dipper larger than that for which the shovel 


was 
designed is not recommended. 


TABLE 6 Effect of multiple passes on time of loading dippei 
ME REQUIRED IN MAKING MULTIPLE PASSES IN LOADING A 
MOIST TO WET GRAVELLY CLAY 
Number Average 
t 4} time per 
or ¢ Ser 
wrsats dipper 
; load 
Seconds 
~ 1 
S2 21.2 
i4 14 
BI OF PA I LEQUII WHEN. WORKING IN FAIR TOGOOD 
IMON EXCAVATION MOSTLY SHALLOW CUTS. 74-YARD 
VEL IN GOOD CONDITIO?D 
Percent- 
rime age of 


required dipper 
to load | loads se- 
lipper | cured in 


this way 

Se d Percent 
6.4 61.4 
13.0 20.0 
18.9 13.7 
25. 4 3.8 
| 1.0 

s.0 0 


[t has been pointed out that the time 
load the dipper often 
average. The 
are shown in 


required to 
varies considerably from the 
manner of this variation and its extent 
figures 1 to 7 and in various tables. 
Each of the graphs shown covers a considerable num- 
ber of observations and shows the number of times 
the dipper was loaded in any given number of seconds. 
It is clear that a few of the loading times took very 
much longer than the others and that the effect was 
to increase the average loading time materially. 

Figure 1 is based on a job in earth and well-blasted 
shale where the shovel performance was excellent. A 
comparatively large number of dipper loads required 
only 4 The average loading time was 
5.5 seconds, and there were only a few dipper loads 
which required much time, none over 11 seconds—an 
indication that a good, consistent operator was handling 
the shovel. 

Figures 


rood, 


seconds each. 


1 and 6 show 


results obtained on jobs with 
consistent 


operation. Figure 5 shows time of 
loading dipper in tough and somewhat sticky clay in 
which it was hard to pick up a full load. In about 
50 percent of the observations on this job, one pass of 
the dipper was made in an average of less than 7 
seconds. In the remaining cases, 2 or 3, or even 4, 
passes were made to fill the dipper to the satisfaction 
of the shovel runner. Occasionally the time of filling 
the dipper was as much as a full minute. The average 
time of filling the dipper on this job was 12.2 seconds. 

Figure 7 illustrates the loading time of a rather 
indifferent operator. Although working in light loam 
soil, his average loading time was 16.5 seconds, more 
than double what it should have been. 


INSUFFICIENT BLASTING FOUND ON MANY PROJECTS 


There is a rather general tendency among grading 


contractors to do too little blasting, as well as to slight 
usually 


the clearing and grubbing. Poor blasting 
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FIGURE 6 DIAGRAM SHOWING PERCENTAGE OF 
OPERATIONS PERFORMED IN VARIOUS TIME INTERVALS 
BaseEp ON 1,322 LoapinGs (15 WERE OVER 32 SECONDS) OF A 
1',-Yarp DippER WorKING IN 1% To 5 FEET oF CLAY AND 
Loam WwitH A Few Bou.tpers. AVERAGE TIME, 9.67 SECONDS 
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FIGURE 7 DIAGRAM SHOWING PERCENTAGE OF LOADING 
OPERATIONS PERFORMED IN VarRIoUuS TIME INTERVALS 
BASED ON 763 LoapINnGs (21 WERE OVER 32 SECONDS) OF A 
34-YarpD DiprpER WORKING IN 1 To 4 Feet or Licgut Loam 
AVERAGE Time, 16.5 SECONDS 


means the presence of large rocks and also very fre- 
quently some tight or even unbroken ground. Large 
rocks, tight ground, large roots and stumps can be han- 
dled only with difficulty and at a slow rate. Further 
delays are often imposed on the shovel while large rocks 
are being ‘‘bulldozed”’ or while unbroken ground is 
being reblasted., 

When blasting has been so thorough that the largest 
dimensions of the larger pieces do not exceed one-half 
of the smallest inside dimension of the dipper, the rate 
of operation can be practically the same as in good to 
‘alr common earth. The increase in the amount of 
inaterial cone’ per dipper load with improved blasting 
is striking, especially with the smaller shovels. In 
poorly blasted rock, the average dipper load for a *;-yard 
shovel is not likely 0 exceed 0.3 cubic yard and may 

adily be as low as 0.25 cubic yard, while in well-blasted 

ck the same shovel will genet rally average about 0.45 
cubie yard per dipper load, or about 50 percent more 
iuaterial than in poorly blasted materials. 

In poorly blasted material there is not only a large 
reduction in the amount of material handled by each 
dipper load but there is also a decided decrease in the 
rate at which the shovel can be operated. Poor blast- 
nz, consequently, is a serious handicap to production. 
Table 12 illustrates the increase in production which 
can sometimes be obtained by comparatively light blast- 
ing. In this case the material was hard caliche which 
the l-vyard shovel could move at the rate of only 64 
cubic yards per hour before it was blasted. After 
blasting, the same shovel moved the material at the 
rate of 151 cubic yards an hour. The net gain to the 
contractor after paying the cost of drilling and blasting 
Was about 7}: cents per cubic yard in addition to the 
saving in wear and tear on his shovel. 
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It will generally pay blast material which is too 
hard to dig readily with the shovel. In hard rock 
thorough blasting is a prerequisite to efficient shovel 
operation. Examples of the effect of poor blasting 
on production rates are given in tables 5, 11, and 12.! 


BEST POSITION FOR SHOVEL DEPENDS ON HEIGHT OF CUT 


The position of the shovel with reference to the face 
of cut is often responsible for the repeated passes some 
shovel operators make to fill the dipper. Aside from 
the swing, the dipper is actuated by two separate and 
distinct motions: One, known as the “‘hoist’’, tends to 
raise the dipper in a vertical circle about the point of 
intersection of the boom and the dipper stick, while the 
other, known as the ‘‘crowd”’, controls the radius of the 
are in which the ‘hoist’? moves the dipper. The 
“crowd” is used to force the dipper against the face of 
the cut, and on the swing to spot the dipper correctly 
over the hauling unit. When the dipper stick is vertical, 
the combined motion of the ‘‘crowd”’ and the “‘hoist 
can drive the cutting edge of the dipper almost straight 
forward several feet. When the dipper stick is hori- 
zontal, the ‘‘crowd”’ holds the cutting edge of the dipper 
hard into the bank. 

When loading a dipper in a bank less than 2 feet high, 
a direct forward thrust of the cutting edge into the bank 
is required. While on a bank 6 or more feet high the 
loading is generally best done by a longer swinging 
motion in which a slice is cut from the bank. For some 
reason it appears to be difficult to find operators who 
work equally well in both shallow and deep cuts. The 
shovel should stand close to a low bank with the boom 
somewhat lower than normal and must be moved for- 
ward frequently. This is because the forward thrust 
of the dipper resulting from the proper combination of 
‘hoist’? and the ‘“‘crowd’’ only reaches a relatively 
short distance. Most of the cutting from a high bank 
is best done after the dipper has begun to turn upward 
in its swing. This requires the shovel to stand some- 
what back from the bank with the boom relatively high. 
The superintendent who will drill his shovel operators 
in the proper placing of the shovel for effective dipper- 
loading should find the results gratifying. 

If there is any considerable amount of shallow cut- 
ting, the contractor may well consider the advisability 
of using some other method than operation of a power 
shovel to move that portion of the work. Various 
kinds of scrapers, and in very rough country even 
bulldozers, are frequently used to good advantage in 
conjunction with the shovel, first, to move short-haul 
material and make shallow cuts, and, second, to help 
the blade grader trim the cuts to exact grade after the 
shovel has passed through. 


MOVING SHOVEL CONSUMES MUCH TIME 


The time spent in moving the shovel forward within 
a cut varies somewhat inversely as the depth of the cut. 
In shallow cuts careful attention must be given to the 
time required to make each forward move of the shovel. 
Table 7 gives a few observations of the time required 
for individual moves of two 1\-yard shovels working 
in earth and in well-blasted shale and schist. It will be 
noted that the time required for each move varies con- 
siderably under different conditions. The average 
time required to move the shovel which was in good con- 
dition was only half of that required to move the shovel 
in poor condition. 


or more deninite data on lis Question he reade is elerrec Oo Some Ss udiles 0 
iF jefinite dat: tl t t jer is referred t e Studies of 


Drilling and Blasting in Highway Grading, published in PuBLic Roaps, February 
| 1932, 
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TaBLE 7.—Length of 


Sé conds, 


forward in cut 


tame, an shovel 


required lo move 


144-YARD SHOVEL, IN GOOD CONDITION, 


EXCAVATION 


WORKING IN COMMON 


Seconds | Seconds | Seconds | Seconds Seconds Seconds | Seconds | Seconds 
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21 22 10 l ll 12 14 12 
12 10 ll 10 14 33 13 12 
ll ll 15 $1 11 10 12 14 
12 12 16 24 l 10 10 13 
12 10 20 13 10 22 35 14 
15 ll 11 12 ll 11 2. 14 
17 12 18 { 11 14 ll 16 
i) 10 10 11 27 s 10 ll 
12 17 l 12 4} ] 12 14 
Average time per move, 14.8 seconds 
44-YARD SHOVEL, IN POOR CONDITION, WORKING IN WELL 
BLASTED SHALE AND EARTH 
Sec- Sec- Sec- sec- Sec- Sec- sec Sec- sec- Sec- 
onds | onds | onds  onds = onds onds onds onds , onds | onds 
5 27 28 28 15 34 35 40 26 32 
46 28 22 10 21 4] is 26 33 i 
33 28 39 38 37 41 44 21 2t 40) 
50 22 23 35 14 30 45 40 20 27 
37 23 35 51 16 34 31 45 34 31 
41 32 26 54 17 26 $1 $2 45 lf 
42 20 30 $1 40 13 23 54 31 23 
36 25 0 28 58 34 61 Sl 25 2s 
Average time per move, 33.2 seconds 
TABLE 8.—Time consumed in moving 14-yard shovels forward in 
cuts of diffe rent de pths and on diffe rent jobs 
[Each entry is result of 1 or more hours of stop-watch study 
Job no. 1 Job no. 2 Job no. 1 Job no. 2 
Work- Work- Work- W ork- 
ing time ing time ing time ing time 
con- con- con- con- 
de Yep ept Yept 
ro sumed py sumed pay sumed pope sumed 
in mov in mov- in mov in mov 
ing for- ing for- ing for- ing for 
ward ward ward ward 
Feet Percent Feet Percent Feet Percent Feet Percent 
14 2.5 12 1.7 6 3.9 5.9 
12 4.0 10 1.2 5 3.4 6 6.2 
ll 1.3 10 De 3 12.8 4 4.0 
10 1.3 Ss 3.1 2} 6.58 2 8.3 
9 3.8 7 3. 1 2 5.3 
8 2.0 6 » 4 1 10.3 
7 2.7 6 0 





[Each entry is average time consumed throughout job 


On jobs On jobs On jobs On jobs 
mainly in- | mainly in- || mainly in- | mainly in- 
volving volving volving volving 


deep cuts shallowcuts)| deep cuts shallow cuts 


Percent Percent Percent Percent 
6.0 10.0 3.3 7.0 
5.2 9.9 3.4 6.1 
55.4 8.4 2.1 1.3 
4.8 8.4 1.7 $Y 
3.9 7.2 


' Shovel operating in a cut composed mostly of fine 
? Slippery clay, difficult moving 
Mostly rock work and many steep grades. 


, dry sand 


The moving time is affected by grade, soft or rough 
ground, condition of the moving mechanism, and 
ability of the operator. This is brought out more fully 
in tables 8 and 9. In general, the modern crawler- 
type shovel in good condition can be moved forward in 
about 15 seconds. If, under ordinary oper rating con- 
ditions, the average time required per move is more 
than 30 seconds, either the operator is unduly slow or 
the mechanism is in need of attention. The larger the 
shovel and the higher the rate of production, the more 
time will be required to move the shovel forward. 


TABLE 9.—Working 
because of 


lost by 
hauling equipment, 


time shovel in moving within 


and total 
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The movement of the shovel within the cut keep 
within easy reach of the face is a check on production 
which cannot be removed entirely. The best that can 
be done is to train the operator to make the moves as 
expeditiously as possible. In deep cuts the time 
quired is small—sometimes little more than 1 percent 
(table 8 In shallow cuts the proportion mounts 
rapidly and cases where from 8 to 10 percent of the 
total time is used in moving the shovel are not un- 
common, especially where the operator is slow or the 
mechanism in poor condition. 

Because of generally insufficient hauling equipment, 

has become a more or less accepted practice to con- 
sider the time required for moving the shovel as of no 
importance, since it can usually be done while waiting 
for wagons or trucks. This may seem like a good way 
of neutralizing an inherent shortcoming of the shovel 
but it is one which absorbs profits which might other- 
wise be had from the job. 

Moving shovel within the cuts 
percent of the actual working time (table 9) and forms 
about percent of the total minor time loss. Table 
9 shows that the statement that moving the shovel i 
generally done while waiting for hauling equipment i- 
not well founded. The 7 jobs with the highest wait 
ing time for hauling units lost 6.1 percent of thei 
working time in moving the shovel, while the 7 job 
with the lowest time loss from waiting for hauling unit 
required 3.8 percent of the working time for movin 
the shovel. The 7 jobs having the highest moving tim: 
used 6.8 percent of the time, while the 
3.4 percent. 


re- 


consumes about 


lowest use 


ANGLE OF SWING GREATLY AFFECTS RATE OF PRODUCTION 
When the dipper is loaded, the operator swings t! 
shovel through the angle necessary to bring the dipp: 
over the hauling unit, at the same time adjusting t! 
height and reach of the dipper, dumps the load a 
returns the dipper for another load. Figures 8 
11 show the time required to swing and return t! 
dipper through various angles on four jobs. The ti 
required to complete a swing and return moveme 
does not depend entirely upon the angle throu 
which the movement is made. Time is required for 
the operator to react and start the mechanism. Tlie 
mechanism requires time to function, while still move 
time is required to accelerate, and at the end of te 
swing to decelerate, the large mass of the load and 
shovel. The time actually required to get a swing 


under way and later stopped varies with the operator, 
the load, type of shovel, and its mechanical condition. 
some conditions tis 


With some operators and under 

















August 1934 P U B g. | cE R O A D 2» ] 9 


—s 





t 
riagure 10 INFLUENCE OF ANGLE OF SWING ON TIME OF 
’ SwiInG AND RETURN BASED ON 1,788 OPERATIONS OF A 34-YARD 
SHOVEL WORKING IN GRAVEL AND Loose AND BLASTED 
SHALI AVERAGE RATE OF SWING, 18° PER SECOND. AVER- 
GE RaTE oF Rt RN, 22° PER SECOND 


WING OR RETURN 
FiGURE 8S INFLUENCE OF ANGLE OF SWING ON TIME OF SwINé 
3 AND RETURN BASED ON 506 OPERATIONS OF A 34-YARD SHOVE! 
HANDLING PooRLy BLASTED Rock NOTE THAT THE POINTS 
LOCATED FOR TIME OF SWING ARE Mucu More [IRREGULAR 


CHAN Tost ror Time or Return. THis 1s EXPLAINED IN 
PART BY THE ExtTrRA CARE REQUIRED IN HANDLING BOULDERS 
AVERAGE RATE OF SWING, 32° PER SECOND AVERAGE Rat! 


or RETURN, 46° PER SECOND. 
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ME OF SWING OR RETURN - SECON ¥ 
URE 9.—INFLUENCE OF ANGLE OF SWING ON TIME OF SWING 
Nb Return Basep on 2,069 OpeRATIONS OF A %4-YARD) Figure 11.—REeLATION BETWEEN ANGLE OF SWING AND TIME 
SHOVEL WORKING IN CLAYEY GRAVEL. AVERAGE RATE Oo} OF SWING AND RETURN -Y ARD SHOVEL IN Goop ConpDITION. 
SWING, 37.5° PER SECOND. AVERAGE RaTE oF RETURN, 46 
R SECOND. ' ' , 
| ABLI 10 C’ompariso? i co? hined Swing and return trie jor 
tiie may be as much as 3 or 4 seconds and is rarely ‘ 
li than ] second. Value re average ror ree 1 im ber eld studies under actual operating 
(he return swing involves much the same process as 
the loaded swing, except that the dipper, instead of Shovels 
sinply being stopped at the completion of the swing, es 
must also be lowered into position for beginning a No.1 | No.2 | No.3 | No.4 
hew cycle. It appears that some shovels with slow 
swing speed have quick starting and stopping, so Seconds | Seconds | Seconds | Seconds 
that the time required for the swing and return, as * zs a6 9.9 8 4 
shown in table 10, is often as short as, or shorter | 9 12.5 ms ui. =. 
» » | 120 4. ¢ 11.0 3.2 3.4 
: than, for the slow-speed types so long as the angle of | iso 19.0 12.9 16. 5 19.3 
FO Swing is small. On longer swings, the higher speed \ 24° fe as ap -—s 


types are considerably faster. 
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EXAMPLES OF CorREcT ‘‘SpoTrTinG”’ 


The portion of the swing and return time required 
for the operator to actuate the controls and for the 
machine to accelerate and decelerate is designated as 
“lag.” It is difficult to separate the “lag’’ into 
personal and mechanical components but the studies 
show that the personal time element is sufficiently 
large to warrant careful consideration because of its 
effect on the rate of production. For a good operator 
the reaction lags are small—generally not more than 
1 second. For a slow operator they may run 2 seconds 
or even more. The difference of 1 or 2 seconds seems 
a trifling matter, but an operator who takes 18 seconds 
where only 15 are necessary, reduces the rate of pro- 
duction almost 17 percent. To change an operator 
making a load every 18 seconds for a man who takes 
20 seconds reduces the rate of output about 10 per- 
cent. With efficient operation otherwise, this can 
easily reduce the value of the output from $20 to 
$25 a day—about twice the ordinary wage of a first- 
class operator. It never pays to hire cheap, poorly 
trained operators on any work requiring fast, uni- 
form, consistent operation, and nowhere in highway 
work is this more true than on power shovels. 

In good common excavation and under favorable 
conditions, a 90° swing (loading at the side of the 
shovel) can be performed in 15 seconds. An extension 
of the swing to 180° (loading back of the shovel) ordi- 
narily increases the cycle by from 4 to 8 seconds, de- 
pending on the type of shovel used and the skill of the 


or TRUCKS FOR 


LOADING WITH SHORT SWING OF SHOVEL. 


operator. As a general average it may be said that 
loading behind the shovel instead of at the side extends 
a 15-second cycle to at least 20 seconds and thereby 
reduces the attainable rate of output 25 percent. Ther 
is, of course, much work where loading at the side o 
the shovel is impossible. However, there are many 
more situations where side loading is practicable but 1 
not employed. 

Extending the average swing to 270° is the worst pos 
sible practice, especially with a slow-swing shovel 
This extends a normal 15-second cycle to 25 seconds 01 
more and correspondingly reduces the rate of output 
Such operation may be caused by a cab arrangemen' 
that makes it hard for the operator to see out of on: 
side. To avoid swinging the dipper over objects | 
cannot see clearly and thus running the risk of ac 
dents, the longer swing is sometimes used. Poor vision 
also interferes with spotting the dipper exactly before 
dropping the load. . Hauling units are usually placed 
for swings over the side or rear of the vehicles. This 
is important if rock is being handled. A good operator 
seldom drops any material, but a relatively small ro 
may seriously injure a man or an animal. Every effort 
should be made to keep the average swing from excec«- 
ing 90°, and, in general, a swing of over 180° is the result 
of improper equipment or of faulty operating methods 

Figures 12 and 13 show the average time used in 
loading, swinging, dumping, and returning the dipper 


me) 


on jobs where the swings ranged from 45° to 0°. 
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Picture 12.—PerceENTAGE OF OPERATIONS OF SWINGING. DUMPING, AND RETURNING PERFORMED IN VARIOUS TIME 
DUMPING, AND RETURNING PERFORMED IN Various TIME INTERVALS. Basep ON 1,322 CycEs oF A 1/-YARD SHOVEL 
INTERVALS. Basep ON 1,058 CycLes or a %4-YARD SHOVEL WORKING IN CLAY WITH SOME BOULDERS WITH AN ANGLE OF 
WORKING IN Sticky CLAY WITH AN ANGLE OF SWING OF FROM SwinG VARYING FROM 45° To 90 AVERAGE TIME OF SWING, 
15° Tro 90°. AVERAGE TIME OF SWING 4.42 Seconps. AVER- 4.62 SECONDS. AVERAGE TIME OF DuMPING, 2.23 SECONDS. 
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per and then start it on the return swing. Ordinarily, 
— mil f , F150 this can be done in 1 second. Wet, sticky clay and other 
r va 4s .- a ar "eraves PS rs . . . » . s* . 
ig W) al — “ok fee , so aa Of Em er adhesive materials often require considerable shaking 
is » » s r » ° . » . . pe bS 
4 PR vino A haere of loading and tne eage ®" | or jarring to force them out of the dipper. With such 
m ¢ ve > Yr Wo ate ¢ » os » ‘ . ‘ 7 P ° 
roe “> = ie “ig - SS aitbine oq ih " hi materials, the time required depends on the skill of the 
Line » » a) 4 ws » or t »§ S . . . . 
2 e Can Keep Mis mind far enough ahead of Als | operator and the amount of shaking and jarring neces- 
work to react quickly and plan his operations with | oo... to empty the dipper 
Cool fi » _ . » } Ss Ac > ra] 4 ie a a) : ' me * . ‘ ° . - 
tidence. As he digs his load he decides where he lor materials which clear the dipper freely, dumping 
dump and plans the manipulations necessary in the 


\ 


process. 


hea his load. he d time should not exceed an average of about 1 second. 
» » I > , , +) 1S oe a a) » =" . . . . 

AAS he drops his load, he determines where he | Gticky, adhesive materials and large rocks require much 
Will get the next bite, and so on. The saving in time 

ls 


i eae gracing Pye ht rahe skill if average dumping time is to be held below 2 or 3 
tla ye »z $e or ake Cc S YT ye ‘ ‘ . : : 
differet g's Pe: ue 10 Is enough Co Make Consideradle | seconds, especially when small-capacity hauling units 
illerence ‘ av’sr ae ; . : gg 
a a are used. A slow, inexperienced operator may readily 
. . » ») . 
DUMPING THE DIPPER LOAD COnsum<¢ oI 


3 times the normal average time per 
dipper load. 


Because of the time required to empty 
Jumping or discharging the dipper load requires great | the dipper, daily production in very sticky or adhesive 
if done rapidly. The load must not be dropped materials may be as low as that in poorly blasted rock. 
| too great a height or the truck or wagon may be It is not unusual to find the dumping time in sticky 
damaged. It must not be dropped too soon or too late | materials running as high as 5 or 6 seconds regularly. 
or niuch of it will fall outside of the vehicle. If the load | In handling large rocks considerable care must be taken 
Is composed of materials which dump freely, an ex-| by the operator to prevent injury to the wagons or 
pericnced shovel operator will drop it just as the swing | trucks. This naturally slows down the rate of opera- 
ends and be ready to start the return as soon as the | tion. Large chunks often hang to or wedge in the 
dipper comes to a stop. In such material the fast dipper and require manipulation before they are re- 
operator really takes no time to drop the load, the 


leased. Roots and stumps are often troublesome in 
ume consumed being only that needed to stop the dip- | this respect. 
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INTERVALS. Basep ON 658 CycLes or A %4-YARD SHOVEL FIGURE 17 DIAGRAM SHOWING PERCENTAGE OF SHOVE! 
WORKING IN Sticky CLAY WITH AN ANGLE OF SWING O! CycLeEs PERFORMED IN Various Time INTERVALS BASED 
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Ficure 15.—NwuMBER OF DUMPING OPERATIONS PERFORMED IN 
Various TIME INTERVALS IN DIFFERENT KINDS OF MATERIAL. 
BASED ON 10,200 OBSERVATIONS ON 13 DirrERENT JoBs. 


Tables 3, 11, and 12 show how average dumping time 
is affected by the kind and character of the materials. 
Figures 12, 13, and 14 also show the time used in empty- 
ing material from the dipper into the wagons or trucks 
under typical conditions. Figure 15 shows the average 
dumping time for a number of classes of material as 


15° ro 90 AVERAGE TIME PER CycLE, 20.3 SECONDs. 
found from the analysis of 10,200 readings on 13 dil- 
ferent jobs with various grades of operators and 6 
different makes of shovels. It will be noted that many 
of the operations were performed very rapidly in all but 
the most difficult materials. 


LOW PRODUCTION FREQUENTLY CAUSED BY 


HAULING EQUIPMENT 


INSUFFICIEN | 


On the jobs studied an inadequate supply or poor 
operation of the hauling equipment, or both, caused (he 
largest and most frequent time losses. 

If the highest possible production is to be obtained 
the hauling vehicles must be exchanged within the time 
required to handle 1 dipper load, or in about 15 to 18 
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seconds in good common excavation. Operation of 
hauling equipment to meet this requirement is practical 
under ordinary field conditions, provided each vehicle 
can carry two or more dipper loads. Except under very 
unusual conditions, it has not beenfound possible to 
synchronize the operation of the hauling equipment for 
consistent maximum shovel production if only one dip- 
perful is carried per load. 

The adequacy of the hauling equipment has a de- 
cided effect on production. The number of hauling 
inits of any given kind required to maintain full shovel 
production varies more or less directly as the length of 
haul which generally fluctuates between rather wide 
limits and often at frequent but irregular intervals. 
The characteristics which affect the rate at which mate- 
rial can be dug by the shovel sometimes change also 
with unexpected frequency. 

In practice, it is usually found inadvisable to attempt 
(oO maintain an exact balance between hauling equip- 

ent and the maximum possible rate of shovel produc- 
tion. In many instances a definite number of hauling 
inits is maintained on the job until grading is com- 
pleted. On short hauls some of the equipment is idle 
or working at a slow rate, while on long hauls not enough 
equipment is available to keep the shovel working at 
lull production. The question is one of determining 
What hauling equipment should be maintained on the 
job in order to complete the grading at the lowest pos- 
sible cost. This question will be discussed more fully 
in a following article. 

USE OF SHOVEL FOR FINE GRADING GENERALLY UNPROFITABLE 

‘rimming to grade and dressing slopes were prolific 
calses of extending the time per dipper load. While 
More accurate trimming of slopes has been required 
in luany States during recent years, the loss in shovel 


tine from this cause does not seem to have changed 
ereatly. This is probably due to greater use of special 
mechanical equipment or hand labor for these opera- 
thors 


(sing the shovel for fine trimming of slopes and 
grace usually means practically stopping yardage 
production while these operations are being performed. 
‘rom time to time during the day equipment worth 
520,000 to $30,000, and especially adapted to function 
4S a unit in the production of pay yardage, is diverted 
‘o performing a task for which it is but poorly adapted 
and to which only the shovel can contribute useful work. 
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On the average job the hauling units and the equip- 
ment on the dump are entirely unproductive when the 
shovel is dressing trimming slopes. Some con- 
tractors condone a certain amount of shortage in hauling 
equipment because the resulting delays impressed on 
the shovel are used in trimming or dressing slopes. 
This may be good in theory but in practice it 1s found 
that slopes must be trimmed about as often when haul- 
ing units are on hand as when the shovel is waiting for 
hauling units 


or 


Is 


COMPLETE SHOVEL CYCLE DISCUSSED 


Under ordinary field conditions the fastest operation 
possible in common excavation with present 
shovels is in the neighborhood of 15 seconds per dipper 
load when the swing is 90 The importance of 
approaching this limit as closely as possible can hardly 
he overstated, A 15-second cvele, consistently main- 
tained, will vield the large output of 240 dipper loads 
hour To attain a 15-second cycle it is necessary 
to load the dipper regularly in about 5 seconds, to 
swing it over the wagon in about 4 seconds, to dump 
it in 1 to 1}; seconds, and return it again to loading 
position in 4 Lengthening the cycle 
time to 20 seconds drops the output to 180 dipper loads 
an hour—a reduction of 25 percent. If the cycle 1s 
lengthened to 2: the best the shovel can turn 
out is 144 dipper loads an hour, while if a 30-second 
evcle obtains the output cannot exceed 120 dipper loads. 

The difference between operation on a 15-second 
evele and on a 20-second cycle is often a matter of a 
second or so in loading, a slight hesitation during the 
swing, with perhaps a bit of delay in spotting over the 
wagon—delays which may not be noticed except with 
the aid of extended stop-watch readings. It not 
surprising to find that slow operators are sometimes 
rated as fast because there is nothing definite with 
which to compare their work, and to find that fast 
operators are sometimes being discredited because job 
conditions or methods of job management over which 
they have no control hold down the output. Examples 
of the full operating-cycle time where loading was at 
the side of the shovel are shown in figures 16 to 19. 

Tables 11 and 12 show in detail the average operating 
characteristics found under normal working conditions 
on 14 rather large, well-managed jobs. The effect of 
the character of the material on production is very 
marked. The production of similar shovels varies from 
an average of 38 cubic yards an hour in poorly blasted 
granite to 168 cubic yards in good earth. Not all but 
most of this difference in production was due to a 
difference in the material. Table 12 shows that the 
production in hard caliche was only 64 cubic yards pe 
hour. When the caliche had been blasted, the same 
shovel produced 151 cubie yards an hour. 
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MAJOR TIME LOSSES ANALYZED 


As the successive shovel operations are repeated 
over and over again throughout the day, it is clear 
that if a few seconds, or even fractions of a second, 
are regularly lost on any one operation, the total loss 
during the course of the day will be large. If an 
operator working consistently on a 20-second cycle 
slows up only just enough regularly to add 1 second 
to each of the major operations, the output will be 
cut from 3 to 2' dippers per minute. If the regular 
unhampered output is 50 loads per hour, and the 
drivers of the hauling units in getting into place to be 
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TABLE 11. 
Job Job 
no. l, Job no. 3 
earth no. 2, | earth 
and poorly with 
poorly (blasted! many 
blasted granite) boul 
rock ders 
Size of shovel, cubic yards 1% 14 14 
Condition of shovel New pe New 
Shovel cycle 
Load, seconds 11.5 16.7 11.0 
Swing, seconds . 6.0 8.6 6.8 
Dump, seconds._-..---- 2.0 3.5 1. ¢ 
Return, seconds 6.6 9.1 7.3 
Average shovel cycle, seconds 26. 1 37.9 26.7 
Average angle of swing, degrees 85 120 129 
Average load per dipper, cubic yards 0.88 0.61 0. 68 
Average rate of production, cubic yards per working hour 71.4 38. 0 42.8 
Time lost in moving shovel, percentage of working time 7.2 5.2 7.0 
Total minor time losses, including all stops of less than 15 
minutes in duration, percentage of working time 41.2 a5. 5 4. 
Total major time losses, including all stops of 15 minutes or 
more in duration, percentage of available time 21.0 : 
Total yardage moved during study, cubic yards 8, £00 2, 00 
TABLE 12.—Effect of material on length of shovel cycle 
l-yard shovel in good condition. Hauling done with light trucks. Management 


good M aterials, very dry] 


Good 
common Hard Blasted Blasted 
excava- caliche ealiche rock 
tion 
Percentage total excavation on job % 38 15 9 
Load dipper - - . second 6.5 10.3 5.8 R. 5 
Swing------ ; ‘i 1q 5.2 6.1 5.5 6.4 
| eee do 0.8 0.9 0.9 | 
Return--- 4 do 5.1 6.0 54 
Average angle of swing degrees 152 148 157 Lie 
Average cycle- . seconds 17.6 23. 3 17.6 22 
Average dipper load. cubic yards 0.34 0.¢ 0.90 Of 
Average production per hour do 137 64 151 07 
PERCENTAGE OF WORKING TIME LOST " 
Minor time iosses Pe t 
Hauling equipment, insufficient supply 7.8 


Hauling equipment, faulty operation 
Moving shovel within cut cine f 
Shovel operator ee 
Mechanical trouble with shove! 
Sloping----- aele 
Checking grat ie. 
Miscellaneous 
Major mechanical repairs, shovel and cable t 
Light trucks, operation characteristics 
Average speed, loaded, in reverse, 448 feet per minute 
Average speed, return, forward, 690 feet per minute. 
Average loading time, 40.6 seconds 


loaded delay the shovel only 18 seconds on each load, 
the output will be cut to 40 loads per hour. 

Definite stops are obvious time losses and every con- 
tractor makes efforts to eliminate or reduce them. But 
a shovel outfit may operate all day without a definite 
stop and yet produce less than half the yardage it is 

capable of producing, simply because the management 
is not aware of the effect on production of the constant 
loss of seconds, or even fractions of seconds, in 
repetitive operations. 


TABLE 13.— Major time losses (delays of 15 minutes or more) on 
power-shovel grading jobs. Average values for more than 100 jobs 


e Percent- 
Canes age of 

om available 

time lost 

Rain and wet ground_________- SSeS . ~~ 9.4 
Repairs to shovel and other equipment -- - ‘ — 10.5 
Moving shovel from cut to cut......_- : 5 : 2.8 
Waiting for drilling or blasting. _..-....-- ie ; 2.1 
Hauling equipment trouble or shortage--- Spain = 1.4 
Taking on or lack of fuel or water--.-..--- ‘anculion * 0.9 
Miscellaneous causes...................-.- acid ae ; 3.0 
BE Gatadeaeeh cnetettinnbactics Gilets 30.1 
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Average rates of power-shovel operation as observed on typi al jobs 





Job Job Job 
) Job 
Job Job Job 1 no. 8, | no. 9, | no. 10, . 
1 B. f of vell well- | well Job le | 2:2 
art well ees oe: | i bors . no. 11, . earth 
fairly fairl blasted | blasted | blasted no. le 
yj. |Dlasted | \eyj- | Sf | sand- | shale | shale | @T to bet 
wes rock wes rock, ve 2 an ees hard . as to 1s 
blasted d blasted blasted| Stone ind and eart} ear che 
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LARGE Dipper Loaps ARE NECESSARY FOR HiGH Propvucti 
RATES. 
Field studies on more than a hundred jobs hav 


shown that no contractor succeeds in maintaining capac ‘ 
ity production all the time. Many were able to keep 
the shovel at work less than half of the available workin, 


hours. Table 13 gives the average percentage of the 
normally available working hours lost from various 


causes. 
MINOR TIME DELAYS CONSIDERABLE IN EXTENT 


These definite stops, each of 15 minutes or more 
duration, do not comprise the entire time loss.  Stop- 
watch studies on the same jobs showed that an averave 
of 38.8 percent of the remaining time during which the 
crew was on the job was lost in minor stops and inter- 
ruptions, each less than 15 minutes in duration. Many 
of the delays were only a second or so in duration but 
were repeated at more or less regular intervals, so that 
their accumulated totals often assumed surprising pro- 
portions. The average percentages of the normal work- 
ing time consumed by these minor delays or interriip- 
tions to continuous operation and the causes to which 
they were due are given in table 14. 

No matter how excellent the shovel and its support- 
ing equipment, a high degree of efficiency can be ob- 
tained only through the proper coordination of all 
elements in the moving of material from cut to [ill 
Aside from management, the first and most impor! aat 
element in this combination is the operator. The | leal 
operator is gifted with quick reaction, a true eye, 


good judgment, great endurance, and a high degree of 
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TABLE 14 Minor time losses (less than 15 minutes duration) on 
power-shovel grading jobs. Average values for more than 100 


jobs 
Percent- 
ige of 
Cause actual 
working 
time 
lost 
Insufficient hauling equipment 
Improper operation of hauling equipment 7 
Moving shovel within cuts 4.7 
Handling large rocks, boulders, stumps, et« ( 
Minor shovel repairs, adjustments, et¢ 
hovel operator f 
laking on fuel or water 0 
lasting boulders, rocks, ete t 
(hecking grade ] 
\ cellaneou suse 3 
I a 
Actual working time ivailable working ne le major de 


He should know the possiblities 
and limitations of the shovel and be able to maintain 
it in first-class condition. 

except 


skill and experience. 


in casting, the operator Can dig no more 
inaterial than can be hauled away, and he can dig 
only when hauling units are in place for loading. IH 
the supply of wagons or trucks 1s inadequate for full 
production, or if their operation is such as to interfere 
with the steady operation of the shovel, the fault lies 
with the management. 

The management is frequently at fault in failing 
to maintain and replace equipment. High rates of 
production cannot be obtamed from equipment in 
poor mechanical condition; yet the field studies give 
sbundant evidence that proper maintenance of both 
the shovel and the hauling equipment is frequently 
neglected 
CARE OF EQUIPMENT IMPORTANT 


Operating conditions in highway grading work are 
severe on equipment, and neglect soon proves costly. 
\lany contractors using two or more shovels have found 

economical to provide a shop and a good mechanic 
nd helper. A particularly satisfactory arrangement 
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was one in which the mechanic was made responsible 
for the regular inspection and maintenance of all equip- 
ment. Frequently he was also made responsible for 
the proper oiling and greasing of the hauling units, 
tractors, compressors, and similar equipment. In 
making repairs on the shovel the shovel operator usually 
acted as helper 

If no mechanic is employed the contractor must be 
certain that the shovel operator is competent to make 
all ordinary adjustments and repairs to the shovel. 
[ nless rat rood mechanic is on the job or especially high- 
crade drivers are employed, the contractor should 
assign some one, such as the shovel foreman, to be 
personally responsible for seeing that the hauling units, 
tractors, and othe pieces ol equipment are inspected 
at Irequent intervals and greased, oiled, adjusted, and 
repaired as may be found necessary. 

Equipment should be given a general overhauling at 
the time of storing. All parts should be thoroughly 
l ispected, repaire dil necessary, and then greased, oiled, 
or painted as may be proper. Effective protection 
from the elements should be provided. If the storage 
is on the job or in an isolated location, all indicators, 
valves, brasses, and other small parts should be removed, 
labeled, boxed, and placed in safe custody. The con- 
tractor can then be sure his equipment will be ready 
when work is resumed. 





In too many cases, equipment is left in such shape 
that deterioration during so-called storage is as great as, 
or at times even greater than, if it had been in use for 
the same period. Deterioration of the equipment is a 
big drain on the profits of any going power-shovel 
grading job. To permit this drain to continue after 
th 


e job has been closed down or completed seems 1nex- 
cusable. The duty of the management does not end 


with the movement of the last dipper load of excavation. 
Management is not fully efficient until it extends to 
every source through which profits may be lost as well 
as to every source through which profits may be made. 
The storage and protection of the equipment during 
idle periods is one of the most important of the sources 
ol profits 
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STATE 


Alabama 
Arkansas. 
Connecticut 
Delaware 
Idaho 
Indiana 








lowa. 
Kansas 
Kentucky 


Massachusett 
Michigan 
Minnesota 
Mississippi 


Nebraska 
New Hampshire 


New Mexico 
New York 


New Jersey 


North Carolina 


Rhode Island 
South Carolina 
South Dakota 
Tennessee 


North Dakota 
Ohio 
Oklahoma 
Oregon 

Utah 


Vermont 
Virginia 
Washington 
West Virginia 


Wiscansin 


Wyoming 


District of Columbia 


Hawaii 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
department and as the department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
5) cents. 

Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 

Report of the Chief of the Bureau of Public Reads, 1928. 
) cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1932. 
10 cents. 


DEPARTMENT BULLETINS 


No. 136D . . Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 660D . . Highway Cost Keeping. 10 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 


TECHNICAL BULLETINS 


N 55T . . Highway Bridge Surveys. 20 cents. 


No. 265T . . Electrical Equipment on Movable Bridges. 
35 cents. 


15 cents. 


MISCELLANEOUS CIRCULARS 


No. 62MC .. Standards Governing Plants, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 


No. °3MC .. Direct Production Costs of Broken Stone. 
25 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 

No. . . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 

No. 191 . . Roadside Improvement. 10 cents. 


REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








_ Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They can not 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 
No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio. (1927.) 


Report of a Survey of Transportation on the State Highways 
of Vermont. (1927.) 


Report of a Survey of Transportation on the State Highways 
of New Hampshire. (1927.) 


Report of a Plan of Highway Improvement in the Regional 


Area of Cleveland, Ohio. (1928.) 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania. (1928.) 


Report of a survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States. (1930.) 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
































AS OF JULY 31,1934 


CURRENT STATUS OF US. PUBLIC WORKS ROAD CONSTRUCTION 
SUMMARY OF CLASSES I, II, AND III 
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Mississippi. 
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